We report some initial results of the study of K edge XANES for krypton implanted systems as part of our investigation of the local environments of rare gases in solids. There has been considerable recent interest in the structures produced when rare gas ions are implanted into metallic hosts, and it is evident that the implanted gases often accumulate into small clusters which, even at room temperature, are in the solid phase [l-31. Thus, Donnelly and Rossouw have shown from electron microscope studies that Xenon implanted into aluminum forms solid xenon precipitates at room temperature [l] , and similar findings are presented by Evans and Mazey for the cases of krypton implanted into copper, nickel and gold [2] , and by Birtcher and Jager for krypton implanted into aluminum [3] .
We have implanted krypton into grafoil, aluminum and niobium, and have measured, in fluorescence, the krypton X-ray absorption near edge spectra (XANES) both at room temperature and near liquid nitrogen temperature.
We have in addition characterized the samples by means of Rutherford back scattering (RBS) spectra, which show a maximum retained krypton dose, at roughly 1000 % penetration, of nearly 9 atomic percent for krypton in aluminum. The RBS spectrum of krypton in niobium is difficult to analyze, since niobium has a greater atomic mass than does krypton. Less krypton is retained in grafoil than aluminum targets, but by using multfple dose implanting, we were able to attain a retained maximum dose, at about 700 A penetration, of roughly 2 atomic percent. For the case of aluminum targets, at least, the retained krypton dose is comparable to that attained in other studies [l-31. Although the,retained krypton dose in grafoil targets was less than attained (by Evans and Mazey, for which solid krypton bubbles were formed in metal targets [2] , solid krypton bubbles in aluminum were found by Birtcher and Jager [3] for even smaller krypton doses than we obtain in grafoil. In addition, there is evidence from the XANES that the atomic near neighbor of a typical krypton atom as implanted in our grafoil systems is primarily krypton rather than carbon. We will return to this point later. A typical rare gas solid bubble diameter obtained by Evans and Mazey[Z] Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19868204 order of 3x10-' meter. Structures this small are beyond the resolution limit of our scanning electron microscope (SEM) in the x-ray imaging mode. Nevertheless, we did investigate the implanted grafoil targets by means of an SEM and were able to resolve only a uniform lateral krypton distribution, as expected.
The krypton implanted XANES spectra, together with XANES spectrum for gaseous krypton, are shown in Fig. la-d . None of the spectra observed for implanted krypton is characteristic of krypton in the gaseous state. A pronounced "white line" is observed near threshold for all implanted systems. A large, reversible enhancement of the white line structure is observed for the XANES of krypton in grafoil taken at liquid nitrogen temperatures, and a smaller enhancement for krypton in aluminum case. Any low temperature enhancement in the niobium samples is small, and barely detectable with our present data. Also, at present we do not detect any significant extended x-ray absorption edge fine structure (EXAFS) in these spectra. More studies are in progress.
Although the temperature dependence in EXAFS is well studied and understood, it is most uncommon to find significant temperature dependence in XANES, for energies down to the initial absorption threshold. One previously studied example is in the K edge XANES of lithium metal [4] , in which it was necessary to take phonon broadening effects into account in order to compare experiments to threshold singularity theories [5] .
Also, Bouldin and Stern have recently studied krypton EXAFS of krypton absorbed onto grafoill61.
Although only EXAFS is discussed, comparison of figures in the Bouldin-Stern paper show significant enhancement of the XANES upon going from 100° K to 10' K, as well as enhancement of the EXAFS.
It is, however, interesting to compare the temperature dependence of our implanted Kr-graphoil XANES with the results of Bouldin and Stern on adsorbed KrI61. In the study by Bouldin and Stern, the spectra taken with the polarization vector parallel to the grafoil surface contain signals corresponding to Kr-Kr pairs, whereas the spectra taken with the polarization vector perpendicular to the surface contain primarily signals from carbon backscatterers. Inspection of the threshold region of the Bouldin-Stern data reveals that the perpendicular polarization data shows an enhancement of the second XANES oscillations, upon going from loOD to lo0 K, which is even greater than the enhancement of the first oscillation, and at lo0 K the second oscillation has the higher amplitude. On the other hand, the parallel polarization curve for 10' K shows a first XANES peak, or white line, that is much more pronounced than all other features in the signal. The parallel polarization data of Bouldin and Stern is therefore more like the XANES of solid krypton as observed by Kutzler, et a1. [8] than is the perpendicular polarization data, which is primarily influenced by carbon backscatterers. Our XANES data for implanted krypton into grafoil shows that the first XANES oscillation enhances much more than the second upon going from room temperature to approx. 77" K and therefore it is more likely, from the above comparison, that our spectra show effects which arise from Kr rather than from carbon near neighbors.
Soules and Shaw obtain, for the K edge XANES of solid krypton, two threshold peaks separated by approx. 10 eV [7] .
Kutzler, et al., report initial peak separations of 12.6 eV [8] , with much better apparent resolution than was obtained by Soules and Shaw [7] .
Soules and Shaw show a high energy threshold shift of approx. 4 eV relative to the XANES of gaseous krypton, and Kutzler, et al., detect only an approx. 1 eV shift [7, 8] .
The peak separations we obtain in our spectra are of the order of 10 -13 eV and in this regard are consistent with reported results on bulk solid krypton at helium temperatures, though the amplitude of our white line varies greatly with temperature and in no case approaches that observed for solid krypton at 4 . 2 O K by Kutzler, et a1. [8] .
There is more than one theoretical framework in which one might wish to discuss these temperature dependent effects.
Thus, Kutzler, et al., have calculated the solid krypton K edge XANES using a cluster calculation, and describe the XANES in terms of continuum state scattering of the ejected electron wave functions [8] , whereas there are other theories of K edge white lines in which core hole virtual bound states are important [9] .
A scattering formalism would imply that some low energy extension of an EXAFS type thermal disorder treatment would be appropriate [5] , whereas it should be pointed out that thermal broadening effects on threshold XANES of light elements have previously been described in terms of core hole-phonon interactions [lO] .
Of importance in the present discussion, however, is the fact that scattering treatments of thermal disorder, as applied to solid krypton, would predict a decrease in the temperature dependence of the vibrational disorder as pressure increased.
Thus, in anharmonically vibrating systems, there will be a close coupling between the thermal coefficient of expansion and the thermal dependence of the mean square atomic displacement from equilibrium [ll] . Moreover, for rare gas solids, the thermal coefficient of expansion will decrease with pressure; thus, inspection of the molar volume versus pressure isotherms of solid xenon shows that the partial derivative of the molar volume with respect to temperature, holding pressure constant, will decrease with increases in pressure [l2] .
The situation is more complex as far as core hole-phonon broadening is concerned, but the widths resulting from this mechanism appear to be, at maximum, of the order of 0.2 eV, even for the case of lithium metal [4] .
We therefore believe the temperature dependent effects we observe are more likely to be associated with EXAFS like scattering phenomenon, and that the thermal smearing of solid krypton should, from the above arguments, decrease with pressure.
Another possibility would be that some mixture of gaseous and solid phases occurs; but in this picture as well the fractional amount of gaseous phase and consequent temperature dependence of the white line, should decrease with internal pressure.
From the above, one interpretation of our data, is that changes in the temperature dependence of the observed XANES, upon going from system to system, correlate with changes in the pressure influencing the local krypton environment. Thus, Evans and Mazey, by measuring lattice constants of as-planted solid krypton bubbles and referring to an equation of state, have measured average pressures of solid krypton bubbles.
They find that the resulting pressures tend to vary according to the shear moduli of the implanted metal [2] .
In the case of our systems, the shear modulus of aluminum is 0.26 megabars, and that of Nb is 0.36 to 0.39 megabars [l3] .
We have been unable to find specific values of shear module for grafoil, but generally soft materials such as grafoil have very small elastic moduli [l3] .
Thus, upon going from grafoil, with the smallest shear modulus, to aluminum, and then to niobium, we find large, systematic decreases in the temperature dependence of the XANES.
This result should be compared to the results of Evans and Mazey [2] , who show that for krypton as-implanted into gold, copper, and nickel the target shear moduli were in the ratio of 1 to 1.7 to 3.1 while the as-implanted average krypton pressures, as determined from lattice constants, were in the ratio of 1 to 2.6 to 5.
Of course, the hypothesis of a correlation, between the internal pressure on as-implanted solid rare gas bubbles, and the temperature dependence of the XANES is at present speculative, and must be tested by further studies.
